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Corn Silage in MinnesotaCorn Silage in Minnesota

n    7.7 million tons harvested in 2002

n    Average dairy cows eats 40 lb/day
Range  0 to 70 lb/cow/day

nn       Excellent source of energy (starch)

n    Good source of fiber 



Corn Plant ChallengesCorn Plant Challenges

Stalk Corn

Whole
Plant

Nutrient Content and Availability



CORN SILAGE HYBRIDSCORN SILAGE HYBRIDS

ÍÍ   Brown Midrib

Í Leafy

Í High Lysine

Í High Oil

Í Waxy



Brown Midrib Corn SilageBrown Midrib Corn Silage

n  Beneficial traits
Reduced lignin - higher fiber digestibility



Brown Midrib Corn SilageBrown Midrib Corn Silage

00-3.1-3.132 32 –– 40 40ConvConvWI WI –– 2000 2000

+1.8+1.8+5.7+5.73838ConvConvMN MN –– 2001 2001

NRNR+4.8+4.83131ConvConvNY NY –– 2001 2001

+4.6+4.6+6.1+6.14545IsoIsoMI St -1999MI St -1999

+5.3+5.3+6.8+6.86060IsoIsoMD -2001MD -2001

     lb/d difference     lb/d difference

   Milk     DM intake   Milk     DM intake
Corn SilCorn Sil

% of DM% of DM
ControlControl

Corn SilCorn SilStudyStudy



Leafy Corn SilageLeafy Corn Silage

n  Beneficial traits
More leaves above the ear
Improved fiber and DM digestibility

Increased yield per acre ?



Leafy Corn SilageLeafy Corn Silage

+0.7+0.7-2.2-2.24040GrainGrainMN - 2002MN - 2002

-0.5-0.5+1.6+1.64545Dual PDual POH - 2002OH - 2002

-2.0-2.0+3.3+3.32626Dual PDual PNY - 2001NY - 2001

-1.3-1.3-0.5-0.53333GrainGrainWI - 2000WI - 2000

+2.0+2.0+3.1+3.14242GrainGrainWI - 2002WI - 2002

NRNR-0.2-0.23131GrainGrainNY - 2001NY - 2001

-1.0-1.0-1.4-1.44040GrainGrainMN - 1999MN - 1999

     lb/d difference     lb/d difference

   Milk     DM intake   Milk     DM intake
Corn SilCorn Sil

% of DM% of DM
ControlControl

Corn SilCorn SilStudyStudy



High Lysine Corn SilageHigh Lysine Corn Silage
n  Beneficial traits

Higher lysine content  (.26 vs .4%) in grain DM
Higher starch and DM digestibility ?

n  Research results
Beek and Dado DMI Milk Fat

       --------- lb/ day-------       --
%--
Reg CS - Reg G 52.1 58.5 4.03
Reg CS - HL G 49.9 59.0 4.00
HL CS - Reg G 56.1* 59.8 4.02
HL CS - HL G 55.4* 59.4 3.91



High Oil Corn SilageHigh Oil Corn Silage
n  Beneficial traits

More oil in kernel
Normal 3.5 to 4%
Hi Oil >6.5% plus

n Research results
Study DMI Milk Fat

Minnesota      --------- lb/ day-------   --%--
Control 53.9 89.8 3.38
Hi Oil 59.0 90.4 3.55
Control + fat 53.7 88.2 3.61



Waxy Corn SilageWaxy Corn Silage
n  Beneficial traits

Softer kernel - more digestible?

n Research results
Corn silage - None

Grain study - ND and MN (Crookston)
Cows fed waxy corn ate 3.6% more DM
No differences in milk production

 (73 lb/day)



Corn Silage QualityCorn Silage Quality

THE CHALLENGE

Identifying analyses which accurately
reflect feeding value



Variation in Corn Silage QualityVariation in Corn Silage Quality

AnalysisAverageRangeCP, %19.35.9 – 12.1NDF, %143.230.0 – 54.6ADF, %126.118.1 – 33.4Starch, %227.913.7 – 44.5Lignin, %23.21.4 – 6.0Corn silage samples from Dairyland Labs – Arcadia WI.1  1991 to 19982  1996 to 1998



Factors Affecting the  Feeding ValueFactors Affecting the  Feeding Value

n Dry Matter (DM) or Moisture

n Starch form and digestibility

n Fiber content and digestibility

n Particle size (whole plant and kernel)



Corn Silage QualityCorn Silage Quality
 Maturity vs DM Content Maturity vs DM Content

41.141.142.942.940.740.7NFC, %NFC, %

43.743.741.241.243.943.9NDF, %NDF, %

6.76.77.47.47.07.0CP, %CP, %

43.643.634.234.231.131.1NutrientNutrient

DM content of Corn silage (%)

Normal growing year – normal maturing 

Cotanch et al. 2003 (NY)



Effect of DM on Nutrient Composition andEffect of DM on Nutrient Composition and
DigestibilityDigestibility

DM, %30323542NDF, %52444041Starch, %18293737Digestibility, %    ADF46383429    Starch94939288Bal et al., 1997



Corn Silage Trial - MN 2002
29 Hybrids - 4 Locations
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Impact of Corn Silage NDF Digestibility on MilkImpact of Corn Silage NDF Digestibility on Milk

94.594.593.593.5MP milk, lb/dayMP milk, lb/day

98.298.296.696.6NENELL Milk, lb/day Milk, lb/day

55.455.455.455.4DMIDMI

7.47.47.47.4Protein & MineralProtein & Mineral

5555CottonseedCottonseed

10101010CornCorn

23232323Corn Silage Corn Silage (45 vs 58% NDFD)(45 vs 58% NDFD)

10101010AlfalfaAlfalfa  (45 % NDFD)(45 % NDFD)

58% NDFD58% NDFD
lb DM/dlb DM/d

45% NDFD45% NDFD
lb DM/dlb DM/dItemItem



Harvest Maturity

Corn Silage & Starch Digestibility?Corn Silage & Starch Digestibility?



Predicted Total Tract Starch DigestibilityPredicted Total Tract Starch Digestibility
Shaver, 2002Shaver, 2002
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*Based on data of Bal et al., 2000; Dhiman et al., 2000; Rojas-Bourrillon et al.1987

Starch digestibilityPROC = 121.59 - (0.8755 * DM) 
R2 = 0.77, P < 0.001

Starch digestibilityUNPROC = 144.81 - (1.6707 * DM)
R2 = 0.85, P < 0.0001



Corn Silage Processing & Particle Size



Effect of Maturity on Corn SilageEffect of Maturity on Corn Silage
Particle SizeParticle Size

34.934.930.230.229.329.3< 1/3< 1/3

55.155.159.859.861.861.81/3 1/3 –– 3/4 3/4

10.010.010.010.08.98.9> 3/4> 3/4
43.643.634.234.231.131.1Particle  inchParticle  inch

% DM% DM

Cotanch et al 2003



Effect of Corn Silage Particle SizeEffect of Corn Silage Particle Size
on DM Intake and Eatingon DM Intake and Eating

Kononoff et al. 2003

90.690.691.591.593.393.391.091.0Milk Milk –– lb/d lb/d

56.656.659.159.159.159.161.761.7TMR TMR –– DMI, lb/d DMI, lb/d

3.93.93.93.94.04.04.24.2Bottom %Bottom %

80.680.685.085.089.589.592.892.8Middle %Middle %

15.515.511.111.16.76.72.92.9Top %Top %

LongLongMedMed
LongLong

MedMed
ShortShort

ShortShort

TMRTMR

TMR – 57% corn silage



Corn Silage Particle Size on Milk ProductionCorn Silage Particle Size on Milk Production

90.490.491.991.9Milk, lb/dMilk, lb/d

55.155.156.656.6DMI, lb/dDMI, lb/d

40.240.237.237.2< 1/4, %< 1/4, %

25.325.334.034.01/4 to 3/4, %1/4 to 3/4, %

34.434.428.828.8> 3/4, %> 3/4, %

LongLongShortShortCorn SilCorn Sil

TMR – 50% corn silage
Onetti et al. 2003 (WI)



Corn Silage Feeding Guidelines

• Quality

• Particle size

• Quantity



Corn Silage Quality TodayCorn Silage Quality Today
 Where Are We? Where Are We?

Hybrid differences

Environment – wet to drought

Fiber (NDF) and Starch

Quantity

Digestibility

ANALYSIS REQUIRED



Minimum concentrations of total and forage NDF 
and maximum concentrations of NFC (% of DM). 1 
 Min Forage  Min Total     Max     Min 
     NDF      NDF         NFC        ADF 
  19     25    44    17 
  18     27    42    18 
  17     29    40    19 
  16     31    38        20 
  15     33                   36            21 
1Values in this table are based on the assumption that actual feed  

   composition has been measured . 

Based on data where TMR fed and dry ground corn was starch source.



 Particle Size Influences Feeding Value

Penn State Box Guidelines – Corn Silage
Top     < 10%
Middle    > 60%
Bottom   < 30%

Processed and Unprocessed



Corn Silage Feeding GuidelinesCorn Silage Feeding Guidelines

nn   Quantity in lactation dietsQuantity in lactation diets
-- Range = 0 to 100% of forage DMRange = 0 to 100% of forage DM
-- Optimum Optimum –– 50 to 75% of forage DM 50 to 75% of forage DM

nn   NDF Guidelines (CS > 65% of forage)NDF Guidelines (CS > 65% of forage)
-- Total NDF in diet Total NDF in diet –– 30 to 34% of DM 30 to 34% of DM
-- Forage NDF Forage NDF –– 22 to 25% of diet DM 22 to 25% of diet DM

nn   Guidelines vary with quality and        Guidelines vary with quality and        
hybridhybrid
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